PCX 



^^^^ 

-] • *• gJamaylSW ©.01.97) 



PO) Priority JData: 



30Jimtl955pa06^5) / US 
IN 462JO (US). Rorf ' PO -B<'*5Ce28,lndfa na p«d| s , 

Ftay Road. Fbunbintown, IN 46130 flB) W> 
Iw, IN 46250 (US). 30528, Jodjanapo- 



JP. KB, KG, KPKR if 7 1 5^ ^ GE. HU.: IS. 

SE. SO, SI SK. 17 TM^rbS.™^ W « R °. RU. SD 

BB. CH DE, ^'3 J% K £r o £*'P*>* CAT. 

®*. mu mr, nb, sn. rolrox ' a 9* «*• 

Published 

amendments: , ^ " ** ««» «c^/ ^ 



(54) Title: 



J* 



(57) Abstract 




16 



13 




16 



14 



FOR TBB FVRFOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of panrphjets publishing international 
applications under thfc PCT. 



AT 
AO 
BB 



BG 

BJ 

BR 
BY 
CA 
CF 
CG 
CH 

a 

CM 

Of 

CS 

CZ 

BE 

BK 

EE 

ES 

n 
nt 

GA 



Austria 
Amixa&a 



GB 
GE 
GH 
GR 
BU 



United Kingdom 



Congo 



Ciimmop 
Quia 

Cztch Rejgbbc 
Geiwan y 



Spam 
Franct 



nxland 



EG 
KP 

ER 



Desxnasfc People's 
of Korea 

Rtpdfcfic of Korea . 



U 
LK 

LR 

LT 

Ul 

LV 

MC 

MD 

MG 

ML 

MM 

MR 



SriLab 
Liberia . 
Ljtlmawa* 
LtnemlxAHg 
Latvia • 



Rcmmfic of MoUiiva 
Madag a sca r 

Man" . - 
Mongolia 



MW 


Malawi 


MX 


Mouco 


" NE 




NL 


. NcAcxEmds 


NO 


Norway 


NZ 


New Zealand 


PL 


ryCixi . 


RO. 


' Portugal 
Romania 


RU 


It^^Baan Fedeialion 


SB* 


Sudan • 


SE 


Sweden 


SG 
SI 


Singapore 
S)ovcaia 


SK 


Slovakia 


SN 


Senegal 


SZ 


Swazitmd 


TD 


Chad 


TC 


Togo 


TJ 


Tajjkdjo 


TT 


Trinidad asd Tcoago 


UA 


Ufaiiac 


UG 


Uganda 


US 


Uaited States of Ami 


TO 


UibeJosian - 


VN 


YieJ Hiin 



WOJ7/B2487 



* 1 



™» application is a contniuaUon-inlpart of „ , , 

08/198,407, filed Rbn,ary 21 1994 ±J? ^ JwB ?**V 

' Z1 » Ae disclosure of 'wM*'i.-i_L ^ 
by reference. ""=01 which , s hereby incorporated 

■ . 

• • • 

* 

10 

* . * •> 

^ns invention relates eenerallv » A a a 
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- 

Biosensors are ™* meiati)C detemi t . ; . 

various analyses i„ fluids is also lofcwn. ■ 

. ' • ■ . V • • • 

vaJne, obtained a few « ^warned. The current 

.«« a lew seconds after the potential is aoDlfeH , n , 

concenuaUon of glucose inthefluid. ^ * 

• ■ P ♦ * 

* * ■ * 
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The total snrface area of the counter and reference electrodes is twice that of the 
working electrode. 

• • • ■ " . • . • • 

• -.- ' ■ ■ ■ : - . . ■ : ■ ■ • -. ■ . • . 

Wogoman, EP 0 206 218, published Dec. 30, 1986 discloses a biosensor 

5 having. two electrodes, the el^trodes beh^ inade of d^erent electrically conducting • 

materials. For example, the anode is formed from an anode material, such as 

platinum, and the cathode is formed from a cathode material, such as silver. The 

anode is coated with an enzyme: In a preferred embodiment, the coated electrode is 

covered with an elastomer that is permeable to glucose. 
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Pottgen et al., WO 89/08713, published Sept. 21. 1989, discloses the use of a 
two electrode biosensor, wherein the electrodes are made of the same noble metal, 
but one of the electrodes (referred to as a pseudoreference elecubde) is larger than 
the other (wprldDg) electrode; 

* - ■ • • 

■ ♦ ■ ■ 

15. •-• 

Recently, Pollmann et al., U.S. Patent No. 5,288,636, issued Feb. 22, 1994, 

disclosed an electrocbemical biosensor test strip that includes working and counter 
' electrodes of substantially the same size and made of the same electrically conducting 

materials. The Pollmann et al. test strip includes a reagent well that will 
20 accommodate a testing sample of human whole blood from about 10 to. about 70 
microliters. However, below about 13 microliters, errors in the measurement of an 
analyte, such as glucose, from a whole blood sample may result (low dosing errors). 
Generally, the low dosing error is manifested as an. understated measurement of the 
analyte, or no measurement of the analyte by the meter used in conjunction with the 
25 test strip, Low dosing errors are a particular concern for infanis and elderly persons 
who often have difficulty in expressing a reasonably sized blood drop for testing 
upon pricking thenr finger with a lancet. 

- * * 

Accordingly, it is highly desirable to design a test strip that requires a 
,3 0 minimum volume of blood for the testing of an analyte, such as blood glucose. 

* 

Q^TT^ry of the Invention 
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- **m t*od ro^ toF& ^^ m 



„ v . ^ nrestesre »e™< per biosensor sWi. 

^^moroosiniikoprafeto,^^,,,, "orsrnp. 



strips.. 



mass production of biosensor test 



20 adh, • ^ Whe " to «*- * * by an 

-TLtr ^ iDC,UdeS 3 h0,C * CW ^ - spreading 

reduce the occurrence of air bubbles trapped in the ^ 
being tested. Air bubbles can produce testing 



reagent well when a staple k 
errors. 



* 

25 ^rig^egPgligP-Of fte Tlrawfrp, 

FIG. 1 is an exploded view of the 



30 



35 



present inventive biosensor test strip! 

FIG. 2 is a top view of the biosensor test strip with™,* 1 1~ 

mesh, and adhesive tape with air vents. Vm0>m ^ spreading 



HG. 3 is a top view of the fully constructed, preferred biosensor 
FIG. 4 is a cross-sectional view of the biosensor of 



test strip. 



FIG. 5 Illustrates hypothetical calibration 



FIG. 3 along lines 21-21. 



curves for different lots of 



WO 97/02487 PCT/rjS96/1J24l> 

♦■ « • . • ... 

biosensor test strips, 
p^rriptioii of the Preferred Embodiment 

* * ' • • - 

5 The present inventive biosensor test strip is similar to the preferred 

■ - ' * . •' - '* ■ * " *■ ' 
embodiment of the test strip described in Pollmann et al., U.S. Patent No. 5,288,636; 

• • • • • - '*'.♦. . . 

issued Feb. 22, 1994, the disclosure of which is hereby iwx>rporated by* reference. 

. * ■ ■ ■ 

However, the Polbnaim et al. strip has a construction such that too many low dosing 

errors result when whole blood samples below about 13 microliters are tested for 

... • ' • ' • 

10 blood glucose. • * 

. * * . ■ * * 

■# 

* * * » 

» * » a w * * 

In the present inventive test snip, reagent well 2 (Fig. 4) has been reduced in 
size over the Pollmann et al. reagent \vell and repositioned so that a smaller surface 

* ... * a 

area of the counter electrode 5 than the working electrode 4 is exposed by cutout 

- • ' ' • • ' 

15 portion S, which forms reagent well 3. (Figs. 1-4) Mesh 12, which is a spreading 

* * . ■ 

■ . • • • - * . • . . 

mesh, is also reduced in size over tbeTblhnann et al. mesh, (Figs. 1, 3, 4) These 

changes in strip architecture result in a test strip that can accurately measure an 

analyte, such as ghicose, from a minimum whole blood sample of about 9 

■ * * . • ■ * 

microliters. 

20 

Referring specifically to Figs. 1 through 4, there is shown pie presently 

preferred embodiment, of the mventive biosensor test strip. 

■ * . . • • 

Test strip I comprises first and second electrically insulating layers 2 and 3, 
25 respectively. Any useful insulating material will be suitable; Typically, plastics^ 
such as vinyl polymers and poly imides provide the electrical and structural properties 
which are desired. Preferably, these layers are Melinex 329, 7 mil. 

The biosensor test strip shown in Figs. 1 through 4 is intended to be mass. 
3 o produced from rolls of material, necessitating the selection of a material which is 

- ■ 

sufficiently flexible for iroll jprocessing and at the same time sufficiently stiff to give a 

• • ■ 

usefolsiiffness to the finished biosensor test strip. 



iayers 2 and 3 are about 7 mil thick. ^ anncn ^ 
Working electrode 4 and counter electrode 5 / . 

the electrode before it is affixed to layer 2 WorK ^ 
.e.trode.are^ 

arepalladi UnJ ,pl a r illuln>goJd siIver _ . "* "I*?* ** «F be used . 

•• fi * s,,ver « ^bon, titanium, and courier n„m 

10 are prefmed bexause they provide a n^r, ■'" N °We Metals. 

uieypro vide a more constant, reproducible electro ~r 

• 3rca - Preferred because it is one of t! ^ 

: metals to oxidize and beca usei«i sare ^ • " ^ ° f ^ m ^ di ^Poble ; 

USare,al!Ver y«nexpensive noble me . a i c-, • 
preferred because i, is morereadily oxidized by a ir t ha„. h L "" , • 

.. ,D Ca,if0 ^ Soumwal] TechnoJogies, Inc.,. ^ """^ 

* * * * * 



1 * »■ 

In the preferred embodiment, electrodes 4 and S *rr, ~. . 

25 shown, Electro^ a ^ c , ^ ^ «e of hot mej, adhesive (not 

jn). Electrodes 4 and 5 also preferably extend from one end of layer 2, o.h 
omer end in parallel configuration. ^ of layer 2 to the 

h ce^ w - ft fc ^ mesh, described ^ 
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• - - : 

njinimum whole Hood sample volume of about 9 microliters bay be accurately 
analyzed by the test strip, the preferred size of cutout portion 5 > 4 millimeters by 

. - 
• •• * ' • • • 

4.2 miliimcters. 

■ • ■ * 

■ 

* * * 

* • . . • - . ■. * 

5 In the preferred embodiment, the 4 mm side of cutout portion B tuns parallel 

to the long side of the test strip shown:in Figs. Importantly, cutout portion S is 

positioned over electrodes 4 and 5 such that a smaller surface area of counter. 

electrode 5 than working electrode 4 is exposed; Preferably, the exposed surface. 

area of working electrode 4 is twice as large as the .exposed surface area of counter 

* 

lb electrode 5. Surprisingly, offsetting cutout portion 8. to expose a smaller surface area 
for the counter electrode ton the working electrode does not adversely affect 
measurtm^of.ananalyteftomas^ 
embodiment, electrodes & and 5 are 1.5 mm in width. 

* 

• ■ ■ *• . ■ 

: ■ - 

15 Biosensor test strip 1 may be accompanied by a power source (not shown) in a 

electrical connection with the working and counter electrodes and a current 
measuring meter (not shown) which is also in a electrical connection with the 
working and counter electrodes. 

20 Biosensor reagent 11 (Fig. 4) is placed in well 2 so tot it covers substantially 

all of exposed surfaces M and 2Q of working electrode 4 and counter 5_, respectively. 
(Figs. 2-4) An example of a reagent that may be used in the biosensor test strip of 
the present-invention is a reagent for measuring glucose from a whole blood sample. 

* * ♦ * 

25 A protocol for making a glucose reagent utilizing the enzyme glucose oxidase 

and ferricyanide as the oxidized form of me. xedox mediator is as follows: 

Step 1- Prepare 1 liter (in a volumetric flask) of a buffer/N ATOOSOL mixture by 
adding 1-2000 grains (g) NATROSOL-250 M to 0.740 M aqueous potassium 
30 phosphate buffer (including 80.062 g monobasic potassium phosphate and 26.423 g 
dtosicWssivim phosphate) at pH 6.25. Allow the NATROSOL to stirand swell 

for 3 hours. 
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*Gt/vs9mmo 

■ 

* * 

504.7750 g water for 20 minutes. 

• • • 

- • ■ 

. " • . • • ■ ' . 

5 Step 3- Prepare a TRITON mature by adding 0;5000 g TRITON X-100 to 
5R6000 g of the buffer/NATROSOL mixture and stir for 15 minutes. .. 

....... • • 

10 stimng overnight. * . 

Step* To the mixture resulting from Step 4, add, wh fle stirring, 98 7750 g 
po.assi.mie.xicyanide. M^P^**^^^.^ 
potassium ferricyanide to dissolve as added.) 

15 : • • . 

. .* ... ■ * 

Step 6. Stir the resulting mixture of Step 5 for 20 minutes 

■ ■ 
a ■ ■ 

Step 7- Adjust the pH of the mixture resulting from Step 6 to 6.25 by addb 



20 



.adding 

potassium hydroxide. 



Step 8- To the resulting mixture of Step 7, add 9.1533 g glucose oxidase (218 50 

tetramemyl benzidine unite per milligram (mg) from Biozyme) and stir at least 20 
minutes. 



25 Step* To the resulting mixture of Step 8, add 20g potassium gmtamate and stir 
at least 20 minutes. 



Step 10- Fdter the resulting mixture Of Step 9 through a 100 micron sieve bag ,o 
remove any AVICEL clumping. The filtrate is the resuhmg reagent composition 
30 freagenlm which is added to reagent well 9 and is then dried a, about 50 C* for 



about 3 minutes. 
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In the preferred embodiment for glucose determination, 4 microliters of 

■ ' . '. _ • • ... . 

reagent made by the above-stated protocol is added to well 2 formed by cutout S- 
This amount of reagent 11 will substantially cover surface aireas Ifl and 2Q of. the 

_ • ■ 

* * . . * 

c electrodes & and 5 (Kg. 2) and Will also contain a sufficient amount of ferricyanide, 

" - . * . ■ 

and a sufficient amount of eimzyme (glucose oxidase) to catalyze the oxidation of 
glucose (from a sample of hcwnan whole blood) and the reduction of ferricy anide to 
completion, as defined herein, within about 20 seconds. (Prior to adding the reagent 

* 

to well 2, it is preferable to treat well 2 with a 600 Watt corona arc, gapped at 
1/40,000 inch on a probessinLg line travelling at 4 meters per minute, to make well 9 

more hydrophiiic, thereby allowing the reagent to spread more evenly in the well.) 

• * 

■ ■ ■ * 

. • • • 

Another glucose reagent that may be formulated includes 300 millimolar 

■ • . - * * .»■". 

potassium ferricyanide, 250 millimolar potassium phosphate buffer, 14 grams 

15 microcrystalline ceildose (JWVICEL RC-591 F) per liter of reagent, 0.6 grams 

hydroxyethylcellulose (NATTtOSOL-250 M) per liter of reagent, 0.5 grams Triton X- 

100 surfactant per liter of reagent, 37 millimolar sodium succinate, and 1 .57 million 

tetramethyl bentfdine units of glucose oxidase per liter of reagent. Sodium hydroxide 

(6 Normal solution) is used to titrate this reagent to a pH of 6.6. This reagent may 

2 o be formulated by the same protocol described above, but amounts of components 
■ . • * 
should be adjusted and components substituted (sodium succinate for potassium 

glutamate and sodium hydroxide for potassium hydroxide) to achieve the component 

concentrations stated above^ Drying of this reagent in reagent well 2 typically results 

• • * * • * 

in a loss of enzyme activity of about 30-35%. 

• • .■ 
• ... 

25 

* • 

After drying reagent 11, a spreading inesh 11, which tes been impregnated 

■ ■ ■ * ■ * 

with a surfactant, is placed -over cutout portion 8 and is affixed to second electrical 

- 

insulator 2. Speading mes)m 12 is preferably a polyester monofilament mesh from 
ZBF (Zurich Bolting Cloth Mfg. Col Ltd., RQschlikon, Switzerland). The spreading 
30 mesh ^preferably dipped no a solution of 0.8% (wt.:vol.)dioctylsodium 

sulfosuccinate (DONS) in a_ solution of 50:50 (vol. :vol.) methanolrwater, and then 
dried. Spreading mesh 13 must be small enough such that in combination with the 

8 
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*CT/VS96/lt240 

In the moa prefeiied biosen^ suip, die 6 mm side of tk. V- m ' X5 - 8mn - 

. ' - • *: . 

Preferably, spreading mesh 13 is affix* to 1 • 

holei5. (Figs 1 3 4 Va^„- . ^ M ' Wh ' Ch inc,udes 

■<***■ 1 'o 5 - 1 ' J » Adhesive taoe 14 !« nrAfo^ki 

w pe is preferably roade of polyester with m 

>s .wit a* * ji» ^ ^ ** T?' 
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The meter described above wBl nprmally be adapted to apply an algorithm 

(discussed below) to the current measurement, whereby an analyte concentration is 

* . . • . ■ ■ * • • 

provided and visually displayed. Improvements in such power source, meter, and 

. . ■ . . - . . 

biosensor system are the subject of commonly assigned U.S. Patent Number 
c 4 963,814, issued October 16, 1990; U.S. Patent No. 4,999,632, issued March 12, 
1991; U S. Patent No. 4,999,582, issued March 12, 1991; U.S. Patent.No. 
5,243,516, issued September 7, 1993; U.S. Patent No. 5,352,351, issued Oct. 4, 

■ " * * * ■ . ' * 

1994; U.S. Patent Nb. 5,366,609, issued Nov. 22, 1994; White et al., U.S. Patent 
Application Serial No: 08/073,179i filed 6/8/93 (Issue Fee mailed 12/27/94); and 
10 White et al., U.S Patent Application Serial No. 08/343,363, filed 11/22/94 (Issue 
. Fee mailed 5/5/95), the disclosures of Which are hereby incorporated by reference. 

■ * 

... . . 

... 

For easy electrical connection of the power source and meter, additional 

- 

. * . - * * ♦ 

cutout portion J2 (Figs. 1 thorough 4), exposing portions of the working and counter 

15 electrodes, are preferably provided in the biosensor device. 

• . ... 

• ...... .■ . 

.... _ . . • 

The biosensor device described above may be used to determine the 
concentration of an analyte in a fluid sample by performing the following steps: 



20 



a) contacting a fluid sample, such as whole blood, with a reagent 
(described above) that substantially covers surface areas 1Q and 20 of working 
and counter electrodes 4 and 5, respectively; 



b) allowing the reaction between the analyte and the oxidized form of the 

• - ..... ■ 

25 redox mediator to go to completion, as defined herein; _ 

• ■ . ' : : • ' • 

c) subsequently applying a potential difference between the electrodes 

sufficient to cause diffusion limited electrooxidation of the reduced form of 

• . * . • . . . . 

the redox mediator at the surface of the working electrode; 



30 



d) thereafter measuring the resulting diffusion limited current; and 



10 
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» - «»*■ • * 

*CT/US96ni240 

e) correlating the current measurement to the conception of analyte in 
*e fluid. (Reaction completion is defined as sufficient reaction between- the 
a^andtheoxidi^^ 

eventration to diffusion iimited current generated by oxidation of the • 
5 reteedf0m0fAer ^^ a ^^ceof^ 



.\ Manyanaryte^ontaining fmidsn^^ For example, anarytes in 

human body fluids such as whole blood blood seram lm - ' ^ 

K ' orooa, blood serum, urine and cerebrospinal fluid ' 

-y be measured. Also, analy.es found in fennentauon pr^ and m 
may be measured. 

■ - ■ 

■ 

♦ ■ ♦ 

■ ■ 

^ ^measuring analytes found ' 

apphed between Ureses, oxidation of the working electrode surface (for 
palladium) and of some blood components may become ^0^ thereby 
preventing an accurate and precise correction of current to analyte concentration 

2 0 redox mediator is ferrJcyanide, a potentia, difference from about 1 50 millivolts to 
about 500 millivolts may be appfied between the erodes to achieve diffusion 
hrm.ede.ectrooxidation of the ^f^of^^^^^ 
*e working dectrode. ^^,^300^^^^^^ , 
between the electrodes. . 

.25 " 

* 

- ■ * . ■ r 

Current generated from the oxidation of the reduced form of iheredox 
mediator may be measured at any time from abou, 0.5 seconds t0 about 30 seconds 
after po.en.ia, difference is applied betw.cn the electrodes. At less man about 0 5 

30 After about 30 seconds, convection becomes significant, .hereby mterfermg whh the 
measurement of a diffusion limited current. . .'• 
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The current measured during the assay of an analyte from a fluid sample may 
be correlated to ronrentration of the analyte in the sample by application of an 
. algorithm hy the current measuring meter. The algorithm may be a simple one, as 

• ■ • . • . 

illustrated by the following example: 

* ♦ • ■ 

* • • • " * 

5 -" 

[Analyte] = Ci75+d 

• • . • • ■ ■ . . .■ : 

wherein [Analyte] represents the concentration of the analyte in the sample (see Fig. 
5), i 7 5 is the current Cm microamps) measured at 7.5 seconds after application of 
10 the potential difference applied between the electrodes. C is the slope of line 22 (Fig. 

• a •••• •».#■«• m « * 

5), and d is the axis intercept (Fig. 5). 

. ■.•*••• . * 

. • ■ . ■ 

' By making measurements with known concentrations of analyte, calibration 
curve 22 (Fig- 5) may be constructed. This cahbratibn will be stored in the Read 
15 Only Memory (ROM) key of the meter and will be applicable to a particular lot of 
biosensor test strips. Lines 24 and 26 hi Eg. 5 represent otner hypothetical 
calibration curves for two other different lots of biosensor test strips. Calibration for 
these biosensor lots would generate slightly different values for C and d in the above 
algorithm. . 

20 

In analysis of ghicoscfrom a sample of human whole blood, 20 ul of whole 
blood is preferably added to the above-stated glucose reagent. The reaction of 
glucose and ferricyanide is allowed to go to completion, thereby fornung gluconic 
acid and fenocyanide. This reaction normally requires a short time, preferably less 

25 than about 20 seconds, to go to completion. About twenty seconds after addition of 
the whole blood sample, a potential difference of about 300 millivolts is applied 
between the electrodes, thereby oxidizing fenocyanide to ferricyanide at the surface 
.. of the working electrode. Current measurements are made at 0.5 second intervals 
from 1 second to 7.5 seconds after the potential difference is applied between the. 

30 electrodes. These current measurements are correlated to the concentration of , 
gluccpe in the blood sample; " . 
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In this example of jneasurmg glncose from a .blood saznple, current 
measurements are made at different times (from J second to 7.5 



...... seconds after 

following equation: . 



IGta, „ c, i, + c 2 „ + c 3 i 3 + .,c n i n + a. H** ^ „ 
calibrate,, „,«, ^ ^ R| 5 to>e tonsMmbte 

20 

be detennined by integrating the curve genera,* by plotting currem, i, versos 
ipeasurement time over some time interval (for example, from , second , 0 7 5 
seconds after application of the 300 miJIivoI, potential difference), thereby obtaining 
25 the total charge transferred during the measurement period. The total charge 
iransferred is directly proportional to the concentration of glucose in the sample 
being measured. 



Further, the glucose concentration measurement may be corrected for 

and the environmental temperature at the time calibration was performed. For 
example, if the calibration curve for glucose measurement 



was constructed at an 



13 



WO>7/W487 PCT/OS9OT1240 

environmental temperature of 23°C, the glucose n^asuremeht is corrected by using 

•* •. 
• . . . . . » 

the following equation: 

. • ■ • .•*••• 

[Ghicoselcorrected = [Glucose] measured * (1-KCT-23°G)), wherein T is the 

• ■ » • 

5 environmental^ temperature (in 0 Q at the time of the sample measurement and K is a . 

constant derived from tha following regression equation: 

• ■ ■ ■ - » 

Y-kcr-23), 

■ • • • ■ 

m . ■ , I , 

ft ' . 

10 wherein Y = [Glucose] measured at 23 °C [Gtocose JnK;asur ed at T°C . 

[Ghicdse] jneasured ~ 

In order to calculate the value of K, each of a multiplicity of glucose concentrations 

. 15 is measured by the meter at various temperatures, T, and at 23 °C (the base case). 
"■**•■ ' . * • . - . • ' 

Next, a linear regression of Y on T-23 is performed. The value of K is the slope of 

... - ■ ' " ' *.*•*. 

; this regression. 

* » , . w m 

• . • * . " ' . ' * • • 

The glucose concentration of a sample may be accurately and precisely 
20 measured by the present inventive method utilizing the present inventive biosensor. 

» ■ ■ * * i - 

Further, when a sample.of human whole blood is measured, error due to hematocrit 

■ • * ■ 

effect is insignificant in the range of 30-55% hematocrit. 

* . . . . • 

Other examples of enzymes and redox mediators (oxidized form) that may be used in 

25 measuring particular analytes by the present invention are listed below in Table 1 . 



TABLE 1 



ANALYTE 


ENZYMES 


REDOX MEDIATOR 
(OXIDIZED FORM) 


ADDITIONAL MEDIATOR 

* * • 


GLUCOSE 


GLUCOSE DEHYDROGENASE 
AND D1APHORASE 


FERRJCYANlDE 




GLUCOSE 


GLUCOSE-DEHYDROGENASE 
(QUWOPROTEW) 


FERRICYANJDE 


■ * - ► ■ 


CHOLESTEROL 

* 


CHOLESTEROL ESTERASE 
AND CHOLESTEROL OXIDASE 


FERRJCYANlDE 


2 .6- DJMETHYL 1 

BENZOQU1NONE 

2>DlCHLORO-I.4- 

BENZOQUINONE 

OR PHENAZINE 

ETHOSULFATE ] 
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HDL 

CHOLESTEROL 



CHOLESIEROt. ESTERASE " I FERRirv & Nine" 
AND CHOLESTEROL OXIDASE ' fHUUCYANn>E 



TRIGLICEJODES J LIPOPROTEIN LIPASE, — 

GLYCEROL KINASE, AND 

GLYCEROL-3-PHOSPHATE 
OXIDASE 



LACTATE 



LACTATE OXIDASE 



LACTATE 



LACTATE 
DEHYDROGENASE 



LACTATE l)kH YDROGENASE~ 
AND DIAFHORASE 



D1APH0RASE 



PYRUVATE 
ALCOHOL 



PYRUVATE OXIDASE" 



raiKlCYANlDEOR 
PHENAZINB 
ETHOSULFATE 

ftRRICYANlDE 

"wjuucyanideT 
phenazine 

ethosulfate, or 

PHENAZINE 
METHOSULFATE 
FERricYANIDE, 
PHENA2WB . 
ETHOSULFATE. OR 
PHENAZINE 
METHOSULFATE 



2»6-DIMElHYL-l 4- 
BENZOQUINONE 
2>DJCHLOR<M A-- 
BENZOQU1NONE 
0RFHENA2INE 
ETHOSULFATE 

PHENAZINE 
METHOSULFATE 



A6-DJCHLORO.J 4~ 
JSJZOQUINONE 



ALCOHOL OXIDASE 



BILIRUBIN 



BILIRUBIN OXIDASE 



URIC ACID 



URJCASE 



reRRJCYAmDE 

Th^vlenediamine 
imethoxy-" 

PHENAZINE 
METHOSULFATE 

ferricyanide 



m some of the examples shown inlaple 1, at teas, one . $ 
usedas a ^on eatafyst. Also, son, of the examples shown h 



in Table 1 may utilize 
transfer to the oxidized form of the 



an additional mediator, which facilitates electron 
5 redox mediator. The additional mediator may. be provided M the rea g ent in lesser 
amount than the oxidized foim of the redox mediator. 



. ^ When compared to the preferred embodiment of the closest prior art biosensor 
test stop, disclosed in Polimann et al. , the 
10 following distinguishing features: 



present inventive biosensor has the 



1 • reagent well 9 is 30 % smaller 



15 size 



same 



the exposed surface area of the W orfcng~e^ WeH is ,ess than 



reagent well; 



3. 



a smaller amount of reagent is needed in the 



. • reagent well (4 microliters 

of reagent vs. 6 microliters of reagent.in the preferred embodiment of 
20 ah); 



Polimann et 



15 



WO 97/02487 



4. a smaller spreading mesh is needed; and 



air vents are included on opposing sides of the reagent well. 



5 



A smaller sample volume requirement to properly dose the test strip means 

fewer underdosing errors will result. This result is especially important for those 

. ' • . 

persons, such as infants and the elderly who have difficulty in obtaining a reasonably 

sized blood drop after pricking their finger with a lancet, the present inventive strip 

io makes it easier, for a current measuring meter to discriminate low sample volume 

dosing errors. Also, using less reagent per sensor increases production volume for 

■ * • ■ ■ • . 

mass producing sensors. Further, providing side air vents near the reagent well 

reduces the occurrence of air bubbles trapped in the reagent well, which results in 

fewer testing errors. 

■ '•.*■. * 

• • * 

The present invention has been disclosed in the above teachings and drawings 
with sufficient clarity and conciseness to enable one skilled in the art to make and use 
the invention, to know the best mode for carrying out the invention, and to 
distinguish it from other inventions and what is old. Many inventions and obvious 
2 0 adaptations of the invention will readily come to mind, and these are intended to be 
contained within the scope of the invention as claimed herein. 



PCT/US96/1J240 

■ ♦ * • * ■ 

Wlat is claret j r 



1- A device for detecting or measuring the concentration of an ^ 
comprising: 



5 



20 



25 



2. 



a first electrical insulator; 



•a pair of electrodes consisting of working and counter electrodes of 
^'^-es^^ 

conducting materials and being supported on the firs, electrical insulator- 

9 - 

■ a • 

.. a second electrical insulator, overlaying .he first electrical insulator and the 
electrodes and including a cutout portion that exposes a smaller surface area 
of the counter electrode than the working electrode- 

15 • *■ • 

* ■ • 

a reagent for detecting or measuring me concentration of the analyte the 
reagent substantially covering the exposed electrode surfaces i„ the cutout 
portion; and 



a .spreading mesh, impregnated with a surfactant, overlaying me cutout 
portion and affixed to the second electrical insulator 

wherein the cutout portion and spreading mesh are of sufficient size and the 
reagent is in sufficient amount to receive a minimum whole blood sample of 
about 9 microliters for analyzing the analyte. ♦ 



The device of claim 1, wherein the spreading mesh is affixed to the second 
substrate by tape having an adhesive on one side and a hole that exposes at 
leas, a portion of me spreading mesh and the cutou, portion, and wherein the 
30 , tape also includes at least one sli, near the bole, thereby providing a, ,eas, one 
air vent. 
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* ■ 

3. The device of claim 1, further comprising a current measuring meter in 

» 

- ■ . ■ 

electrical connection with the working and counter electrodes. 

« ■ 
> • * * 

4. The device of claim 2, wherein the tape includes slits on opposing sides of the 

. 5 bole, thereby providing two air vents. 

• • - ■ . • - . 

* ' * ■ 

> » ■ ■ • 

■ * • * 

5. The device of claim 2, wherein the cutout portion is 4 milhmeters by 4.2 
millimeters/ 



10 6. The device of claim 5, wherein the spreading mesh is 6 millimeters by 5.8 
millimeters. 



7. The device of claim 6, wherein the amount of reagent is 4 microliters before 

« ■ 

drying. v 

• . ■ • . 

8. The device of claim 7, wherein the spreading mesh is impregnated with 

■ . ■ ■' 

didctylsbdium sulfosuccinate. 

■ • •. • ■ 

- 

■ " ■ - - • 

9. The device of claim 8, wherein the hole in the tape exposes substantially all of 

- ■' 
■ 

■ 

20 the cutout portion. 

■ ■ . 

i * .. ." ■ 

• ■ 

10. The device of claim 9, further comprising a current measuring meter in 
electrical connection with the working and counter electrodes. 
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